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ABSTRACT 
The paper deals with the statistical analysis of the daily rainfall series (monthly, seasonal, and annual) of 15 Indian stations 
representing a wide variety of rainfall regimes, utilizing the data for the period 1901-1980. The study focuses attention on 
the normalized rainfall curve (NRC) depicting the association between cumulated percentage rain amount (x) and 
cumulated percentage number of rain days (y) of the rainfall series. It is shown that the NRC is uniquely determined by the 
coefficient of variation (CV) of the rainfall series. There is no universal NRC that can represent all rainfall regimes. 
The equation x = y  exp[-b(lOO-y)’], where b and c are two empirical constants, gives a good analytical 
representation of the NRCs over a wide range of CV values of the rainfall series. This analytical equation is able to account 
for the occurrence of high rainfall intensities towards the upper extremity of the NRC for rainfall series with high values of 
CV. The rain intensity corresponding to any point on the NRC is inversely proportional to the slope of the tangent at that 
point. The point where the slope is 45” corresponds to the mean rain amount per rain day (r)  of the rainfall series. It is 
shown that days with rain amount greater than r (considered as days of significant rainfall) constitute about 30 per cent of 
the rain days and contribute 75-80 per cent of the total rain amount, with some local and seasonal variations. 
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I .  INTRODUCTION 
It is well known that the bulk of the monthly, seasonal or annual rainfall at a station is contributed by a small 
percentage of the total number of rain days with large rain amounts. The statistical features associated with 
the daily rainfall distribution at  different stations over an extended area are interesting and important aspects 
of rainfall climatology. A technique of analysing the daily rainfall data that provides much insight into the 
nature of the rainfall distribution is the investigation of the association between the cumulated percentage rain 
amount and the cumulated percentage number of rain days (rain frequency), after arranging the rainfall data 
series in ascending or descending order of rain amount. 
Such a study in respect of the rainfall of 10 regions in Argentina was made by Olascoaga (1950) utilizing 
daily rainfall for 5 years. He found that a single normalized rainfall curve gave a satisfactory representation of 
the rainfall distribution of all the rainfall regions. A similar result was obtained by Rai Sircar (1955) from a 
study of the south-west monsoon rainfall of groups of stations around Delhi, Calcutta, Bangalore, and 
Tiruchirapalli. A summary of these and other studies of a similar nature has been given by Riehl(l954, 1979) 
in his well-known books. 
Martin (1964) found that the daily rainfall at several American stations could be represented by a single 
distribution curve which he regarded as a ‘universal daily rainfall distribution curve’. Subsequent studies of 
the rainfall distribution at stations in south-east Asia by Wexler (1967) and Cobb (1968) showed that a single 
distribution curve did not give a satisfactory representation of the rainfall at all the stations. A survey of these 
studies has been given by Atkinson (1970) in his treatise on tropical meteorology. A recent study by Harrison 
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(1983) of the daily areal rainfall over the Orange Free State of South Africa shows a seasonal variation of the 
rainfall distribution. 
The somewhat conflicting nature of the results of the studies summarized above, suggested that it would be 
of interest to have a fresh look at the statistical distribution of daily rainfall over selected stations with widely 
different rainfall regimes, utilizing long-period data. The results of such a study, which throws some new light 
on the subject, are prcsented in the following sections. 
2. STATION NETWORK AND DATA 
Spatially and temporally the Indian subcontinent presents a wide variety of rainfall regimes. We have chosen 
for our study the daily rainfall data of the 15 stations shown in Figure 1 for the 80-year period 1901-1980. 
The daily rainfall data series of these stations were assembled and analysed for: (a) each of thc 12 months of 
the year; (b) for the four Indian seasons: January February (S-I), March-May (S-2), June-September (S-3), 
and October-December (S-4); and (c) for the year as a whole. (In Indian meteorology the four seasons are 
known as cold weather, hot weather, south-west monsoon and north-east monsoon, respectively). Thus our 
study comprises 17 rainfall data series for each of the 15 stations: a total of 255 rainfall series. 
In the present study we use the term 'rain day' to denote a day on which a measurable amount of rain is 
recorded. At Indian stations rainfall is measured correct to 0.1 mm. We use the term 'rain event' to denote the 
occurrence of rain amount 30.1 mm in a specified interval of time. 
To illustrate the wide variety of rainfall regimes, we have listed in Table I the following parameters in 
respect of six out of the 15 stations, based on the data for the 80-year period: 
(i) the mean number of rain days (n); 
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Figure 1 .  Location of rainfall stations 
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(i i)  the mean rain amount per rain day in mm (r);  
(iii) the standard deviation of the rainfall series in mm (a); 
(iv) the coefficient of variation of the rainfall series (CV)= lOO(o/r). 
The standard deviations and coefficients of variation are calculated taking into account only the rain days. 
The total number of rain days in each series is given by N = 80n and the total rainfall by R = 80nr. Parameters 
N and R have a wide range of variation for the different rainfall series. The CV values of the rainfall series vary 
Table I. Statistical parameters of rainfall series of six stations* 
Trivandrum Mangalore Bombay 
_ _ _ ~ _  
n r 0 cv n r 0 cv n r IT c v  
Jun 22.8 I 
Jul 2 1.04 
A% 16.88 
SeP 14.04 
Oct 17.18 
Nov 1458 
Dec 6.69 
s- 1 5.25 
Jan 3.03 7-53 10.47 139.0 0.33 9.72 11.48 118.1 0.43 6.32 9.47 149.7 
Feb 2.23 9.94 14.24 143.2 0.18 14.67 18.98 129.4 0.36 4.67 8.23 176.5 
Mar 4.46 8.82 12.05 136.7 0.58 10.59 14.34 135.4 0.26 3.94 7.61 193.4 
APr 1019 10.73 15.85 147.8 3.61 9.88 15.14 163.4 0.50 3.22 7.00 217.2 
May 14.31 15.08 23.61 156.6 10.73 18.35 29.75 162.1 1-96 7.95 15.13 190.4 
5.05 19.72 131.2 26.83 35.76 34.61 96.8 20.19 25.20 39.67 157.4 
0.92 15.33 140.4 29.86 35.39 34.13 96.4 28.66 23.20 3697 159.4 
8.46 11.68 138.0 28.25 22.74 26.82 117.9 27.15 14.05 25.22 179.5 
0.80 17.19 159-1 19.94 13.71 16.48 120.1 19.41 14.16 31.76 224.2 
6.07 2622 163.2 14.36 13.93 2066 148.2 5.05 12-79 2058 1609 
3.57 20.75 164.4 6.51 11.45 14.73 128.7 1.55 9.60 19.47 202.8 
0.68 17.46 163.4 1.51 12.58 22.54 179.1 0.38 6.83 9.44 138.2 
8.54 12.27 143.4 0.50 11.45 1474 128.7 0.79 5.56 8.96 161.1 
s-2 28.96 12.58 19.82 157.5 14.91 16.00 26.87 167.9 2.73 6.69 13.55 202.4 
s-3 74.76 11.60 16.65 143.5 104.9 27.91 30.99 110.9 95.41 19.18 33.98 177.2 
s-4 38.44 14.19 23.04 162.4 22.39 13.12 19.03 147.1 6.98 11.76 19.97 169.8 
Year 147.4 12.36 19.06 154.2 142.7 24.32 2963 121.8 105.9 18.27 3287 179.9 
H ydcrabad Calcutta Jodhpur 
n r 0 cv  n r 0 cv  n r u cv 
Jan 
Feb 
Mar 
APr 
May 
Jun 
Jul 
A% 
SeP 
Oct 
Nov 
Dec 
s- 1 
s-2 
s-3 
5-4 
Year 
0.60 10.33 16.16 156.5 
1.28 7.19 9.43 131.1 
1.53 7.96 15.52 195.0 
3.49 6.90 9.80 142.1 
4.40 7.1 1 10.49 147.5 
11.23 9.12 13.34 146.3 
17.61 921 12.72 138.1 
16.18 9.07 14.27 157.3 
14.21 12.31 18.32 148.8 
6.61 12.00 16.17 134.7 
3.13 8.26 13-34 161.6 
085 6.98 9.71 139.1 
1.88 8.19 12.09 147.6 
9.41 7.17 11.23 156.6 
59,23 9.90 14.83 149.8 
10.59 10.50 15.08 143.6 
81.10 9.62 14.46 150.3 
1.73 
3.00 
3.60 
5.36 
9.4 1 
17.44 
23.75 
23.90 
18.84 
10.14 
2.05 
0.65 
4.73 
18.38 
83.93 
12.84 
119.9 
7.63 12.53 164.2 0.81 4.86 7.87 162.1 
867 12.41 143.3 1.26 3.93 491 125.0 
9.24 12.69 137.4 0.88 4.64 7.69 165.8 
9.21 12.82 139.2 0.65 3.97 4.57 115.2 
12.94 17.83 137.8 1.65 5.71 6.85 119.9 
15.97 23.44 146-8 3.33 10.25 15.44 150.7 
13.96 2082 149.2 8.89 12.47 1955 1568 
13.90 2082 149.7 9.49 13.17 21.49 163.1 
14.28 23.29 163.1 4.26 13.84 24.54 177.3 
13.44 19.51 145-2 0.80 9.51 19.95 209.7 
11.42 17.09 149-7 0.40 6.01 6.73 112.0 
8.06 11.05 137.0 0.41 3.27 4.79 146.4 
8.29 12.47 150.4 2.08 4.29 6.26 145.8 
11.28 15.68 141.0 3.18 5.06 6.74 133.3 
14.43 21.97 152-2 25.96 12.67 2074 163.7 
12.84 18.84 146.7 1.61 7.05 14.88 211.1 
1351 20.55 152.1 32.83 11.12 19.16 172.2 
* n= mean number of rain days; r =mean rain amount per rain day in mm; u= standard deviation in mm; CV =coefficient of variation in 
per cent. 
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from a minimum of 96.4 per cent for the July rainfall of Mangalore to a maximum of 224.2 per cent for the 
September rainfall of Bombay. 
3. METHODOLOGY OF DATA ANALYSIS 
The procedure for analysis of the rainfall data is as follows. Consider a station A and the daily rainfall series 
for any month, say July, form years (m= 80 in the present study). The total number of days is 31m, of which let 
us suppose that N days have recorded measurable amounts of rain. All rainless days are excluded so that in 
general N <31m. The N rain days are arranged in ascending order of rain amounts denoted by: 
r l ,  r2 ,  r 3 , .  . . ri . . . rN 
R = 1 ri = total rain amount 
RIN = r = average rainfall per rain day 
N 
i =  1 
Let 
k 
x k  = 100 rJR,  k =  1,2, .  . . N 
i = l  
yk= 100(k/N) 
As k takes values from 0 to N ,  xk and y ,  take values from 0 to 100. Graphical representation of the 
corresponding sets of values (x, y )  gives the normalized rainfall curve (NRC). 
The procedure adopted to derive the corresponding sets of values (x,y)  was to scan the data set and 
cumulate the rain amount and the number of rain days for rain events not exceeding the following 24 limits 
per day: 1 ,  2, 3, 5, 7, 10, 15, 20, 30, 40, 50, 60, 80, 100, 120, 150, 180, 210, 250, 300, 350, 400, 450, 500 and 
> 500 mm. The cumulated quantities were converted into percentages. 
4. NORMALIZED RAINFALL CURVES 
The NRCs for Mangalore, Calcutta, and Bombay for the months of July, August, and September, respectively, 
are shown in Figure 2. From the data in Table I we note that the CV values of the corresponding rainfall series 
are 96.4, 149.7, and 224.2 per cent. The dotted diagonal line in Figure 2 corresponds to CV=O.O. This line 
would represent the rainfall distribution if every rain day had the same rainfall as the mean daily value. We 
note that the larger the CV value of the rainfall series, the greater is the deviation of the NRC from the 
diagonal line. 
Two points of interest on the NRC are (x*, 50) and (50, y*), where x* is the percentage rain amount 
cumulated in 50 per cent of the rain days and y* is the percentage number of days in which 50 per cent of the 
rain amount is cumulated. The values of x* and y* for the three curves shown in Figure 2 are: 
CV (per cent) x* (per cent) y* (per cent) 
_. . 
Station Month 
Mangalore July 96.4 15.4 80.9 
Calcutta August 149.7 9.0 8 8.0 
Bombay September 224-2 5.5 92.3 
At Bombay the first 50 per cent of the rain days with low rainfall contribute only 5.5 per cent of the monthly 
total while the last 7.7 per cent of the rain days with high rainfall yield 50 per cent of the monthly total, 
showing the highly skewed nature of the rainfall distribution. At Mangalore the corresponding values are 15.4 
and 19.1 per cent. Parameters x* and y*  for all other daily rainfall series are found to lie between the values for 
Mangalore and Bombay. 
STATISTICAL DISTRIBUTION OF DAILY RAINFALL 489 
0% 
Figure 2. Normalized rainfall curves of Bombay (September), Calcutta (August), and Mangalore (July): x =cumulated percentage rain 
amount; y = cumulated percentage rain days 
Table I shows that the rainfall series of Trivandrum for seasons S-1 and S-3 have practically the same CV 
value despite the vastly different rainfall regimes. We also note that the rainfall of Hyderabad for season S-4 
has the same CV value, all three values being close to 143.5 per cent. In Figure 3 are shown the data points 
corresponding to the NRCs of the three rainfall regimes evaluated from the respective data series. Different 
symbols are used to distinguish the three sets of points. It may be noted that all the points fall on a single NRC. 
Our data set provides several other examples of this type and leads to the finding that thc CV value of a 
rainfall series uniquely determines the corresponding normalized rainfall curve. Apparently different rainfall 
regimes (as in the present case) are represented by the same NRC when the CV values of the rainfall series are 
the same. On the contrary, apparently similar rainfall regimes are represented by different NRCs if the CV 
values of the data series are different. This is illustrated by Figure 4 which shows the NRCs of Ahmedabad, 
Calcutta and Cochin for the south-west monsoon month of July which is the peak rainfall month of the 
season. The CV values of the corresponding rainfall series are 190.7, 149.2, and 107.8 per cent, respectively. 
When two rainfall series have the same CV, the ratio of the mean daily rainfalls of the series is equal to the 
ratio of their standard deviations. When two such rainfall series are arranged in ascending order, there is 
similarity between them and hence they are represented by the same NRC. As far as we are aware, the previous 
workers who have studied the distribution of daily rainfall do not appear to have examined the association 
between the NRC and the CV of the corresponding rainfall series. This is perhaps the reason for the rather 
conflicting nature of the findings. Our study shows that there cannot be a universal NRC that can represent all 
rainfall regimes. However, a single NRC can represent the rainfall distribution of stations for which the CV 
values of the corresponding series are equal or very nearly equal, irrespective of the geographical location of 
the stations and the part of the year for which the rainfall data are considered. 
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Figure 3. Data points for the NRCs of three rainfall series relating to different rainfall regimes having the same CV Trivandrum (S-1 and 
S-3) and Hyderabad (3-4): x = cumulated percentage rain amount; y = cumulated percentage rain days 
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5. RAINFALL CURVES FOR WIDE RANGE OF CV VALUES 
The CV values of the daily rainfall data series considered in our study range from a minimum of 96.4 per cent 
for the July rainfall of Mangalore to a maximum of 224.2 per cent for the September rainfall of Bombay. The 
frequency distribution of the CV values is given in Table TI. Sixty five rainfall series have their CV values in the 
range from 140 per cent to 150 per cent; 196 series have CV values in the range between 120 per cent and 170 
per cent. 
The rainfall series considered by us relate to point rainfall. In the studies of Olascoaga (1950), Rai Sircar 
(1959, and Harrison (1 983) referred to earlier, the daily rainfall series considered were obtained by averaging 
the rainfall at a network of stations over selected areas. Such area-averaged rainfall series have generally lesser 
CV values than point rainfall series. Reduction of CV also occurs by totalling the rainfall at a single station for 
different durations. We have examined this by considering the south-west monsoon rainfall for the 120 days 
from 1 June to 28 September for the 80-year period at several stations. Since 120 is divisible by several 
numbers, we can derive from the daily rainfall series several other series which will be equivalent to measuring 
the station rainfall once in 2 days, once in 3 days, etc., the total rain amount remaining the same in all cases. 
The resulting rainfall series have progressively decreasing CV values. As an illustration, Figure 5 shows the 
NRCs of Nagpur for the daily rainfall series ( 1  day) and four other series derived from it (5 ,  10, 20, and 30 
days). 
In Figure 6 are shown the NRCs of 12 data series covering the range of CV values from 0.0 to 224.2 per cent. 
The curves A to H which relate to different stations have been derived from the data set analysed in our study. 
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CURVE STATION ‘(d?,) (Km) 
A AHMEDABAD I 7  38 33 16 190 7 
Figure 4. Normalized rainfall curves for July rainfall series of three stations with different values of CV: Ahmedabad, Calcutta, and 
Cochin: x = cumulated percentage rain amount; y = cumulated percentage rain days 
Table 11. Frequency distribution of CV values of 255 rainfall series 
CV (per cent) 90.1-100.0 100.1-1 10.0 110.1-120.0 120.1-130.0 130*1-140.0 140.1-1500 150.1-160.0 
Frequency 2 5 13 23 38 65 39 
CV (per cent) 160.1-170*0 170.1-1800 180.1-1900 190*1-200.0 200.1- 210.0 210.1-220.0 220.1-230.0 
Frequency 30 16 I 6 6 3 2 
The curves I, J, K relate to areal rainfali series of Gujarat, Kerala, and all India for the south-west monsoon 
season for the period 1871-1986, obtained from a publication of Parthasarathy et a!. (1987). The all India 
rainfall series has the lowest CV value of 9.8 per cent. 
The values of x* and y* obtained from the curves in Figure 6 are given in Table 111. Utilizing these data the 
variations of x* and y* as a function of CV are shown by the curves X and Y in Figure 7. 
6. ANALYTICAL REPRESENTATION OF THE NRC 
From his study of Argentine rainfall, Olascoaga (1950) suggested that the NRC can be represented by the 
analytical equation 
(1) x = ay exp (by) 
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Figure 5. Normalized rainfall curves of Nagpur for 120 days of south-west monsoon rainfall utilizing rainfalls of 1,5,10,20, and 30 days 
duration illustrating progressive decrease in CV x =cumulated percentage rain amount; y = cumulated percentage rain days 
Table 111. Variation of x* and y* with CV of rainfall series 
Curve cv X* y* Curve CV X* Y* 
A 224.2 5.5 92-3 G 56.1 27.6 705 
B 146.1 8.9 88.0 H 43.7 33.2 66-3 
C 119.6 11.3 84.9 I 31.5 37.8 61.8 
D 96.4 15.4 80.9 J 19.0 42.3 57.5 
E 82.0 18.0 77.8 K 9.8 46.1 53.8 
F 69.6 24.3 74.0 L 0-0 500 50.0 
where x =cumulated percentage rain amount and y = cumulated percentage number of rain days. 
Parameters a and b are empirical constants which he estimated as a = 2.30 x 
Rai Sircar (1955) also found that equation (1) gave a satisfactory representation of the daily south-west 
monsoon rainfall for the four areas studied by him. He found the following values for the two empirical 
constants: a=2.87 x 
The results of these studies have been quoted by Riehl (1979). He has also remarked that equation (1) 
‘roughly represents a statistical law representative for most regions of the globe evaluated’. 
It has been pointed out by Ananthakrishnan et al. (1979) and Ananthakrishnan and Rajan (1987) that 
because of the boundary condition x = y =  100 which equation (1) has to satisfy, the constants a and b are not 
and b = 3.78 x 
and b=3-55 x lop2. 
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Figure 6. Normalized rainfall curves of 12 rainfall series with progressive decrease in CV x=cumulated percentage rain amount; 
y =cumulated percentage rain days 
independent but are connected by the relation 
a = exp (- IOOb) (2) 
In fact, it can be verified that the values of a and b given by Olascoaga and Rai Sircar satisfy this relation. 
Hence, in effect equation (1) has only one empirical constant and it can be written as 
x = y exp [ - b(100 - y) ]  (3) 
The value of the constant b has to be obtained utilizing the observational data. We have found that x = 50, 
y = y *  is a suitable choice for calculation of b. 
Harrison (1983) has utilized equation (I) to describe the distribution of daily areal rainfall over the Orange 
Free State. The values of the constants a and b in respect of monthly, seasonal, and annual rainfall have been 
listed in table I of his paper. (The constants a and b have been designated as a and f i  by Harrison). 
Examination shows that the listed values do not satisfy equation (2). It is found that only 92-95 per cent of the 
total rain is realized in 100 per cent of the rain days in almost all the cases. This is a physical contradiction. 
Our study covering a wide variety of rainfall regimes provides several data sets to test the validity of 
equation (3). It is found that while this equation gives a fairly satisfactory representation of the NRCs for 
moderate values of CV (values of less than 100 per cent) it shows large deviations from observations for 
rainfall series with large values of CV. However, a modification of equation (3) by introducing a second 
constant in the exponential term gives a good analytical representation of the rainfall curves over the entire 
range of CV values covered by our study. The modified equation is 
x = y exp [ - b(100 - y)E] (4) 
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Figure 7. Association of x*, y*, b, and c with the coefficient of variation of rainfall series 
where b and c are empirical constants to be determined from the observational data. The constant c, whose 
value is < 1, becomes important for large values of CV. For moderate values of CV, the constant c is close to 
unity and equation (4) becomes nearly identical to equation (3). 
The constants h and c are evaluated utilizing the pair of values (x*, 50) and (50, y*) for the NRC. We 
illustrate the degree of agreement between observation and the calculated values using equations (3) and (4) by 
considering the NRCs for Mangalore, Calcutta, and Bombay shown in Figure 2. This example is chosen 
because the Mangalore and Bombay curves are associated with the lowest and highest CV values in our data 
set, while the CV associated with the curve for Calcutta is close to the median value for the 255 rainfall series 
(Table 2). 
The relevant results of the computations are shown in Table IV (a-c). The quantities listed in these tables 
are: 
x,, yo,  the corresponding observed values of x and y from the respective rainfall curves in Figure 2; 
xi, the values of x calculated using equation (3) and the observed values yo; 
$', the values of x calculated using equation (4) and the observed values yo; 
Ax', xi - x ,  = difference between calculated and observed values of x using equation (3) ;  
Ax", x: - x ,  =difference between calculated and observed values of x using equation (4). 
It should be noted that Ax' and Ax" are zero at  the two end-points of the curve as well as at  the point (points) 
whose co-ordinates are utilized for calculating the constant b using equation (3) and the constants b and c 
using equation (4). The calculated values of the constants are given at  the top of the table. 
Scrutiny of the values of Ax' and Ax" in the three cases shows that for Mangalore, with the lowest CV value, 
equation (3) gives a reasonably satisfactory fit with observation; equation (4) provides improvement. For the 
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Table IV. Comparison of observed and analytical representations of the normalized rainfall curves of three stations 
(a) Mangalore (July): CV=96.4 per cent; equation (3), b=0.0252; equation (4), b =0.0310 and c=0.9301 
xtl 0 3  5 10 15-4 20 30 40 50 60 70 80 90 100 
Y O  0 23.8 29.5 41.2 50-0 56-0 66.2 74.1 80-9 86-3 90.9 94.5 97.5 100 
X:. 0 3.5 5.0 9 4  14.2 18.5 28.2 38.6 50.0 61.1 72.3 82.3 91.5 100 
Xf' 0 4-2 5-8 105 15.4 19.7 29.2 391 50.0 60.6 71.4 81.2 90.7 100 
Ax' 0 0.5 0 -0.6 -1.2 -1.5 -1.8 -1.4 0 1.1 2.3 2.3 1.5 0 
Ax" 0 1.2 0.8 0.5 0 -0.3 -0.8 -0.9 0 0.6 1.4 1.2 0.7 0 
(b) Calcutta (August): C V =  149.7 per cent; equation (3), h=0.0471; equation (4), h=0*0819 and c=0.7776 
xo 0 2  3 5 9 20 30 40 50 60 70 80 90 
Y O  0 25.5 31.4 39.5 50.0 67.0 76.0 82.7 88.0 92.1 95.0 97.2 98.9 
x: 0 0.8 1.2 2.3 4.1 14.2 24.5 36.6 50.0 63-5 75.1 85.2 93.9 
X; 0 2.5 3.5 5.4 9.0 19.4 28.8 39.0 50.0 61.2 71.3 81.0 90-6 
Ax' 0 -1.2 -1.8 -2.7 -4.3 -5.8 -5.5 -3.4 0 3.5 5.1 5.2 3.9 
Ax" 0 0.5 0.5 0 4  0 -0.6 -1.2 -1.0 0 1.2 1.3 1.0 0.6 
(c) Bombay (September): CV = 224.2 per cent; equation (3), b =0.0796; equation (4), b =0.1515 and c = 0.6848 
x* 0 2  3 5.5 10 20 30 40 50 60 70 80 90 
Yo 0 33.0 39.1 50.0 61.2 74.8 82.9 88.4 92.3 95.1 97.0 98.5 99.5 
4 0 0.2 0.3 0.9 2.8 10.1 21.3 35.1 50.0 64.4 76.4 87-4 95.6 
X:' 0 2-2 3-1 5 5  9-6 18.8 28.8 39.3 500 606 70.3 80.6 90.6 
Ax' 0 - 1.8 -2.7 -4.6 -7.2 -8-9 -8.7 -4-9 0 4.6 6 4  7.4 5.6 
Ax" 0 0.2 0.1 0 -0.4 -0.2 -1.2 -0.7 0 0.6 0.3 0-6 0.6 
100 
1 00 
100 
100 
0 
0 
100 
100 
100 
100 
0 
0 
other two stations, equation (3) shows large deviations which are considerably reduced using equation (4). 
This shows that the two-constant equation (4) can be accepted as a good analytical representation of the 
NRCs over the entire range of CV values while equation (3) is fairly satisfactory for low values of CV. It may 
be noted that the value of the constant c is close to unity for Mangalore while it is substantially less than 1 for 
Calcutta and Bombay. 
7. SLOPE OF THE NRC AND RAIN INTENSITY 
We use the term 'rain intensity' to denote the rain amount per rain day. From the manner of construction of 
the NRC it is clear that the rain intensity progressively increases from the lower to the upper end of the curve. 
The actual rain intensity ( I )  at any point (x, y )  is connected with the slope of the curve at this point by the 
relation 
I = (dx/dy) (RIN)  = (dx/dy)r (5 )  
For the two cases in which the NRC is represented by the analytical equations (3) and (4) we obtain the 
(6)  
(7) 
( I  is given in mm of rain per day if R and N are expressed in mm and days, respectively). 
following expressions for (dxldy), respectively: 
dxldy = x / y  + bx = ( 1  +by)  exp [ - b( 100 - y)]  
dxldy = x / y  + bcx( 100 - y y -  ' = (1 + ap) exp (- a) 
where a = b( 100 - y)' and f i  = cy/( 100 - y). 
It may be noted that equation (7) reduces to equation (6) when c= 1. The rain intensity is obtained by 
multiplying the expressions on the right-hand side of equations (6) and (7) by R / N  which is the mean rain 
amount per rain day (r)  for the rainfall series. 
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Equations (6) and (7) can be utilized to calculate the rain intensity at specified points along the NRC. 
Table V illustrates this for the NRCs of Mangalore, Calcutta, and Bombay shown in Figure 2. From Table I it 
can be seen that the values of R / N = r  for the three curves are: Mangalore (July), 35.39 mm day-'; Calcutta 
(August), 13.90 mm day- '; Bombay (September), 14.16 mm day-'. The values of the constants b and c needed 
for the calculations are those listed in Table TV. The calculated rain intensities at the following points along 
the NRCs are given in Table V 
(i) at the origin, x = y = 0; 
(ii) at the point (x*, 50); 
(iii) at the point (50, y*); 
(iv) at the point y=99, which corresponds to 99 per cent of the cumulated rain days; 
(v) at the upper extremity of the curve, x = y = 100. 
Comparison of the calculated rain intensities in Table V with the respective ordered rainfall series shows 
that the rain intensities obtained using equation (4) are close to the observed values while the intensities 
obtained using equation (3) show appreciable deviations particularly for Calcutta and Bombay. Equation ( 3 )  
indicates the highest intensities of 125,79, and 127 mm day- at the upper extremity of the rainfall curves for 
Mangalore, Calcutta, and Bombay. These are substantially less than the observed intensities at the upper end 
of the rainfall distribution series for these stations. This deficiency can be remedied by noting that there is a 
distinct difference in the behaviour of equations (6) and (7) in the last 1 per cent of the time interval between 
y=99  per cent and 100 per cent in the case of stations whose rainfall series have high values of CV such as 
Bombay. While equation (6) gives a finite value of the rain intensity at  the upper extremity of the NRC, 
equation (7) envisages the possibility of a steep increase in rain intensity on approaching the upper limit of 
y= 100 per cent from y = 99 per cent. As a matter of fact, it is the last 1 per cent of the cumulated time interval 
that accounts for heavy falls when the rain days are serially arranged in ascending order of rain amounts. 
The possibility of high values of rain intensity arises from the fact that the constant c is appreciably less than 
1 in equation (4) when the CV of the rainfall series is large. Referring to equation (7) we note that 
(8) 
For values of c < l ,  as y+100, bcy+lOObc while (lOO-yY-'+m. Hence the term (1 +a/?) in equation (7) 
assumes large values while exp (- a)+ 1 as y+ 100. This situation leads to rapid increase in the rain intensity 
towards the upper extremity of the rainfall curve. This is illustrated in Table V by the calculated values of rain 
a/3 = bcy (100 - yy- 1 
Table V. Calculated rain intensity in mmday-' at specified points on the normalized rainfall curve 
Specified 
point 
Mangalore (July) Calcutta (August) Bombay (September) 
r=35.39 mm day-' r =  13.90 mm day-' r= 14.16 mm day-' 
equation (3) equation (4) equation (3) equation (4) equation (3) equation (4) 
x = y = o  
x*, 50 
50, Y* 
y=99 
x = y =  100 
y = 99.0 
99.5 
99.9 
99.95 
99.99 
2.85 3.74 
24.63 2285 
66.46 63.39 
120-60 132.25 
124.57 
132.25 
139.67 
154.57 
16083 
176.09 
0-13 0-73 
8.39 5.84 
40.63 33.37 
75.09 93,55 
79.39 
93.55 
1 1  1.22 
159.29 
184.68 
259.80 
0.005 0-4 1 
7.76 3-9 I 
64.03 46.27 
116.13 137.16 
126.87 
137.16 
178.39 
307.63 
384.10 
637.2 1 
Constants: 
b 
C 
0.0252 0.0310 0.047 1 0.0819 0.0796 0151 
0,9301 0.7776 0.684 
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intensity using equation (7) in the interval y=99 to 99.99 per cent, for the three stations. The increase in rain 
intensity may be noted in all cases, particularly for Bombay where falls exceeding 500 mm day- have been 
recorded in the month of September. It is of interest to note that although the July rainfall of Mangalore is 
nearly four times that of the September rainfall of Bombay, rain days with higher intensities occur at Bombay 
than at Mangalore. From the calculated rain intensities in Table V we note that towards the upper extremity 
of the NRC, the rain intensity at  Bombay exceeds that at Mangalore. 
8. FUNCTIONAL DEPENDENCE OF THE CONSTANTS b AND c OF EQUATION (4) ON CV 
We have seen that the NRC of a rainfall series is uniquely determined by its coefficient of variation and that 
equation (4) gives a good analytical representation of the NRCs for the entire range of CV values encountered 
in our study. The values of the two empirical constants in equation (4) are obtained from the values of x* and 
y* for the respective rainfall curves. 
The variations of x* and y* with CV are shown graphically in Figure 7 by the curves X and Y for the range 
of CV from 0 to 240 per cent. Slight extrapolation has been used at the upper end. The value of x* decreases 
from 50 per cent for CV=O.O to about 5 per cent for CV=240 per cent. Correspondingly, the value of y* 
increases from 50 per cent to about 93 per cent. The steepest variations of x* and y* with CV occur in the 
range of CV from 0 to about 100 per cent, beyond which the variations slow down rapidly. It is interesting to 
note that the sum (x* +y*) remains close to 100 over the entire range of CV. 
From the curves X and Y in Figure 7, the values of x* and y* were obtained at 20 per cent intervals of CV 
and the corresponding values of the constants b and c were evaluated following the procedure explained in 
Section 6. The calculated values of b and c are given in Table VI against the appropriate values of CV, x* and 
y*. These values of b and c are depicted graphically in Figure 7 by the broken curves labelled B and C. The 
scales for these curves are shown against the y axis on the right-hand side of the diagram. The constant b 
increases from zero for CV =0-0 to about 17 x for the highest value of CV; at the same time the constant 
c decreases from 1 to about 0-67. The maximum rate of increase of b and rate of decrease of c are found in the 
CV interval from about 100 per cent to 200 per cent. The curves B and C in Figure 7 furnish values of the 
constants b and c for all values of CV in the interval 0-240 per cent. 
9. MEAN RAIN AMOUNT PER RAIN DAY AND DAYS OF SIGNIFICANT RAINFALL 
As seen from Section 7, the mean rain amount per rain day denoted by r (  = R,”) enters into equation ( 5 )  for 
the rain intensity. This equation shows that at  the point on the NRC where dx/dy= 1, I = r .  Thus the co- 
Table VI. Variation of parameters of rainfall distribution with CV 
CV per cent X* y* b x lo-’ C xr Y ,  
0 50 50 0 1 50 50 
20 41.8 58-1 0.3601 0.9987 44.0 522 
40 34.2 65.2 0.7943 0.9886 38.8 54.7 
60 26.9 71.5 1.3496 0.9783 33.8 57.4 
80 19.5 77.5 2.2215 0.9578 28.8 60.8 
100 14.4 81.7 3.3323 0.9255 25.5 63.9 
120 11.2 84.8 4.8934 08743 23.5 66.9 
140 9.0 87.2 6-7652 0.8234 22.1 69.4 
160 7.6 89-0 8-8432 0.7819 21.1 71-4 
180 6.4 90.7 11.5225 0,7366 20.2 73.5 
200 5.8 91.9 14.2416 0.6944 19.9 75.1 
220 5.3 92.6 15.9124 0.6765 19-4 760  
240 5.0 93.0 16.9522 0.6669 19.0 76.5 
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ordinates of the point on the NRC where the tangent has a slope of 45" gives the location where the rain 
intensity is equal to the mean rain intensity for the rainfall series. 
Designating the co-ordinates of this point by x, and y,, the analytical equations (3) and (4) furnish the 
following relations for the calculation of x, and y,. 
With the single-constant equation (3): 
1 1 I I I 1 I I I 1 
1 + by, = exp [ b( 100 - y,)] 
l/x, = l/y, + b 
With the two-constant equation (4): 
1 +bcy,(lOO-yr)'-' =exp[b(100-yr)7 
l/x, = l/y, + bc (100 -y,)"- 1 
(9) 
Making use of equation (10) and the values of b and c in Table VI, the values of x, and y, were calculated as a 
function of CV for the range G240 per cent at 20 per cent intervals. The calculated values are listed in the last 
two columns of Table VI and are shown graphically by the curves X ,  and Y, in Figure 8. The value of x, 
decreases from 50 per cent for CV = 0.0 to 19 per cent for CV = 240 per cent; correspondingly y, increases from 
50 per cent to 76.5 per cent. The statistics of the CV values of the 255 rainfall series given in Table 11, show that 
the majority of them have CV values in the range between 120 per cent and 170 per cent with peak frequency 
between 140 per cent and 150 per cent. Reference to Table VI shows that for most of the rainfall series 
considered in our study, rain days with amounts not exceeding the mean intensity contribute about 22 per 
cent of the cumulated rain in about 70 per cent of the rain days. 
CV- 
Figure 8. Association of x, and y, with the coefficient of variation of rainfall series 
STATISTICAL DISTRIBUTION OF DAILY RAINFALL 499 
As stated in an earlier section, for daily rainfall series obtained by averaging the rainfall of a group of 
stations, the CV values will generally be less and the values of x, and y, will be altered accordingly. Thus for a 
rainfall series with CV u 100 per cent, X,N 25 per cent and y,= 64 per cent. Values close to these are found for 
the June-July rainfall series of Mangalore for which CV % 96 per cent. However, for the September rainfall 
series of Bombay for which CV2:224 per cent, x, and y ,  have values of =20 per cent and -75 per cent, 
respectively. 
In Figure 8, dots show the observed values of x, and y ,  from our data analysis for the 255 rainfall series. For 
lower values of CV we have supplemented this data with similar data from other rainfall series generated from 
the daily rainfall series in the manner explained in Section 5. It may be noted that the theoretically derived 
curves based on equation (4) give a good representation of the observational data over a wide range of CV 
values of the rainfall series. 
In studies on tropical rainfall, Riehl et al. (1973) and Riehl(l979) have defined as 'days of significant rainfall' 
those days on which the actual rainfall is in excess of the long-term mean rain amount per rain day, taking into 
account all rain days during a month or season. Thus all days on which the rainfall is in excess of r = R/N 
according to our terminology are days of significant rainfall. The present study shows that such days 
constitute about 30 per cent of the total number of rain days and contribute about 75-80 per cent of the total 
rainfall, with some local and seasonal variations. 
10. DISCUSSION AND CONCLUSIONS 
In this study we have attempted to present a unified picture of many previous studies relating to the statistical 
distribution of daily rainfall over different parts of the globe. From the standpoint of length of data utilized 
and the diversity of the rainfall regimes covered, our study is perhaps more comprehensive than previous 
studies related to this topic. It is of interest to draw attention to some of the hydrometeorological applications 
of the present study. Knowing the long-term total rainfall (R) and the total number of rain days (N) for a 
month, season or year, a great deal of information about the rainfall behaviour can be obtained from the NRC 
for a station. For example, let y , ,  y,, . . . y lo  be the percentage cumulated number of rain days corresponding 
to 10,20, . . . 100 per cent of the cumulated rain amount and let r=R/N. Then, the average number of rain 
days and the average rain intensities (24-h rain amount) for each of the 10 per cent rain amounts from 0 per 
cent to 100 per cent are: 
Cumulated percentage Number of rain days Mean rain 
rain amount intensity 
0--- 10 n1 =N(y1)/100 I ,  = lOr/y, 
1 G20 n2=N(Y2-.Y1)/~00 I , =  l O r / ( Y 2 - Y J  
2G30 n,=N(Y3-Y2)/100 13 = 10r/(y3 - Y z )  
Information of this kind which gives the expected number of days of rainfall and associated intensities is 
needed for estimation of run off, planning of hydroelectric projects, etc. 
The heavy rainfall regime represented by the upper end of the NRC for the last 1 per cent of the cumulated 
time interval is of particular interest in connection with situations where such rainfall can cause hazards such 
as flooding, erosion, etc. As has been shown in an earlier section, the analytical equation (4) for the NRC 
enables estimation of such extreme values with approximate probabilities for their occurrence. 
The following are the main points that the present study has brought out, 
(i) The nature of the normalized rainfall curve (NRC) depicting the association between the cumulated 
percentage rain amount (x) and the cumulated percentage number of rain days (y) is uniquely determined by 
the CV of the rainfall series. It is of interest to note that just as the NRC is a non-dimensional representation of 
the rainfall distribution, the CV is also a non-dimensional parameter of the distribution. 
500 R. ANANTHAKRISHNAN AND M. K.  SOMAN 
(ii) There is no universal NRC which can represent all rainfall regimes as suggested in some of the earlier 
studies. 
(iii) The percentage rain amount (x*) which is cumulated in 50 per cent of the number of rain days and the 
percentage number of days (y*) which account for 50 per cent of the cumulated rain amount are important 
parameters of the distribution which are uniquely linked with the CV of the rainfall series. 
(iv) The equation x = y  exp [-b(100-y)’] where b and c are empirical constants gives a good analytical 
representation of the NRC over a wide range of CV values. The constants b and c which are evaluated using 
the values of x* and y*, are also uniquely determined by the CV of the rainfall series. 
(v) For low values of CV of the rainfall series, the constant c approaches unity so that the equation 
x = y  exp [ -b(100-y)] with only one empirical constant b gives a fairly satisfactory representation of the 
NRC. 
(vi) The rain intensity corresponding to any point on the NRC is proportional to the inverse of the slope of 
the tangent to the curve at that point. 
(vii) The two-constant equation stated in (iv) can account for high rainfall intensities at the upper end of the 
NRC which the single-constant equation in (v) cannot. 
(viii) The point on the NRC at which the slope of the tangent to the curve is 45” corresponds to the mean 
rain amount per rain day ( r )  of the rainfall series. 
(ix) Days of significant rainfall defined as days with rain amount in excess of r constitute about 30 per cent 
of the total number of rain days and contribute 75-80 per cent of the total rain during a month or season. 
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